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There are approximately 50,000 acres 
(20,250 hectares) of grape (Vitis spp.) pro-
duction in Washington, which is divided 
approximately equally between wine and 
juice grapes (13). The production is con-
centrated in Benton, Yakima, and Grant 
counties east of the Cascade Mountains, 
with smaller acreages planted throughout 
Washington. The primary wine grapes 
grown in Washington are Chardonnay, 
Merlot, Cabernet Sauvignon, and White 
Riesling. In Oregon, there are approxi-
mately 10,000 acres (4,050 hectares) of 
grapes grown almost exclusively for wine 
production. The production is divided 
between the Willamette Valley where Pinot 
Noir, Pinot Gris, Riesling, and Chardonnay 
are the major cultivars and southern Ore-
gon where Cabernet Sauvignon, Merlot, 
and Chardonnay are the primary cultivars. 
Wine production in both states is increas-
ing in volume and value with a concomi-
tant increase in acreage planted. 

There were several reasons to undertake 
a survey of viruses in grapevines at this 
time. Much of the planting stock for Wash-
ington and Oregon vineyards is produced 

in California. In January 2001, Rupestris 
stem pitting associated virus (RSPaV) was 
eliminated from the California Grapevine 
Registration and Certification program. 
Consequently, certified planting material 
from California was no longer accessible 
to the Washington State industry, where 
RSPaV remained on the state’s list of 
quarantine pests. Oregon and British Co-
lumbia have not regulated this virus for 
many years. Secondly, the impending 
changes of grapevine nursery stock phyto-
sanitary requirements for international 
trade that will occur with the adoption of 
the NAPPO (North American Plant Protec-
tion Organization) grapevine standard may 
require information on distribution of vi-
ruses if plant movement is restricted due to 
virus status. The NAPPO grapevine stan-
dard sets new phytosanitary requirements 
for trade between the United States and its 
NAFTA trading partners, Canada and Mex-
ico, since it recognizes quarantines of A-1 
pests, i.e., pests that are not known to oc-
cur in the country or an area within the 
country, and does not recognize state quar-
antines. NAPPO standards include a provi-
sion that justifies stricter requirements than 
those set at the national level: if a pest is 
shown not to occur in an area or is known 
to occur but is officially controlled, the 
area may be designated a “pest free area” 
(PFA). However, documentation that 
shows that the pest in question does not 
occur or is officially controlled is needed. 
This is accomplished generally through 
detection or delimiting surveys. Thus, 
Washington was interested in evaluating 

the status of RSPaV in its vineyards to 
determine if it could qualify as a PFA 
within NAPPO. 

In 2000, the Washington Wine Advisory 
Board supported a project to determine if 
RSPaV was present in the Washington 
grape growing areas. It is more efficient 
and beneficial to test for multiple viruses 
at the same time, and additional informa-
tion obtained on the incidence of a number 
of viruses would provide the basis for 
future decisions on their management. A 
similar survey carried out in Oregon was 
supported by the Oregon Wine Advisory 
Board. 

In addition to RSPaV, tests for the fol-
lowing viruses were included for the rea-
sons outlined. Grapevine fanleaf virus 
(GFLV) and Arabis mosaic virus (ArMV) 
were included in the study because they 
had been reported recently in Canada (6). 
The vector of Tomato ringspot virus 
(ToRSV), the nematode Xiphinema ameri-
canum, is common in Oregon vineyards (J. 
N. Pinkerton, personal communication), 
and this virus is a problem in raspberry 
plantings in the Willamette Valley that are 
in close proximity to many of the Oregon 
vineyards; therefore, ToRSV was also 
included in the virus survey. Samples were 
selected on a random basis with the excep-
tion of testing for nepoviruses in Oregon, 
where 40 vineyards with high numbers of 
X. americanum were selected for more 
intensive sampling. Grapevine leafroll 
associated viruses-1, -2, and -3 (GLRaV) 
were included since symptoms of leafroll 
disease had been observed in a number of 
vineyards in Oregon and Washington. 
Field observations suggested that the inci-
dence of leafroll disease was increasing. 
The grape mealybug is the dominant mea-
lybug species in vineyards in Washington 
(D. James, personal communication). 

The objectives of this research were to 
determine the incidence of the viruses 
mentioned above in vineyards in Oregon 
and Washington and to investigate the 
possibility that the grape mealybug (Pseu-
dococcus maritimus (Ehrhorn)) was vec-
toring GLRaV-3 in Washington vineyards. 

MATERIALS AND METHODS 
Sample collection. In Washington, 

samples were collected randomly to repre-
sent the acreage of grapes grown in the 
state. To obtain results with a 95% confi-
dence of estimating the true proportion of 
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the population that was infected, 1,522 
grape plants were sampled (4). Juice and 
wine grapes were sampled randomly on 
an acreage basis; and each selected acre 
was cross-referenced to the grower. Par-
ticipation was voluntary, and growers 
could opt out of the survey. Individual 
plants were collected by dividing the 
acreage into quadrants and making selec-
tions from within each quadrant on a 
rotating basis. Since Washington vine-
yards tend to be large, sampled vines 
were identified using a geographical posi-
tioning system (GPS) so that the same 
vines could be sampled during multiple 
collections. In Oregon, sampling sites 
were identified by vineyard, row, and 
plant number, and samples were collected 
to randomly represent the grape acreage, 
with each sample representing about 40 
acres (16 hectares). Additionally, more 
intensive sampling of 72 vines per vine-
yard was used for 40 vineyards in Oregon 
that were known to have high numbers of 
X. americanum, the vector of ToRSV. 
These vines were tested for ToRSV, 
ArMV, and GFLV. 

Detection of GLRaVs and RSPaV. 
Samples were collected from September 
through November. Samples from Wash-
ington were tested for RSPaV and GLRaV-
1, -2, and -3, and the samples from Oregon 
were not tested for RSPaV since this is not 
a controlled virus in Oregon. Each sample 
consisted of either three older leaves or 
three cuttings, each about the size of a 
pencil. Tissue for analysis by reverse tran-
scription–polymerase chain reaction (RT-
PCR) was stored at –20°C until testing. 
Sections of each of the three leaf petioles, 
or inner bark tissue from each of the three 
cuttings, were used as the tissue source for 
extraction of RNA, and the total amount of 
tissue per sample was approximately 100 
mg. RNA was extracted as described pre-
viously (10). Five microliters of the extract 

was used as the source of RNA template 
for RT reactions. RT was performed using 
Superscript II (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s protocol 
with 0.3 µg of random hexameric nucleo-
tide primers (Invitrogen) in a total volume 
of 50 µl. 

The citation and sequence of the prim-
ers, annealing temperatures, and expected 
amplicons sizes for PCR are given in Table 
1. Five microliters of the RT reaction was 
added to each PCR reaction, Taq poly-
merase (Invitrogen) was used for the am-
plification. The program for PCR consisted 
of 5 min at 94°C, followed by 35 cycles of 
94°C for 1 min, annealing temperature of 
primer pair (Table 1) for 1 min, and 72°C 
for 2 min. This was followed by a final 
extension for 10 min at 72°C. Amplicons 
were separated on 2% agarose gels, stained 
with ethidium bromide (100 ng/ml), and 
visualized with a UV-light. Controls were 
obtained from Foundation Plant Services 
at UC-Davis, CA. 

Detection of ToRSV, GFLV, and 
ArMV. Samples were collected in late 
spring and early summer, and young leaves 
were used. Samples from Washington were 
assayed at the WSU ELISA Testing Labo-
ratory at Prosser. Samples were homoge-
nized in grinding buffer (0.1 M carbonate, 
pH 9.6, containing 0.05% Tween 20, 0.2% 
nonfat milk powder, and 2% polyvinylpyr-
rolidone (PVP) in grinding bags (0.5 g 
sample per 5 ml buffer). Samples were 
tested by double-antibody sandwich en-
zyme-linked immunosorbent assay (DAS-
ELISA) for GFLV, ArMV, ToRSV-
Chickadee strain (BioReba, Reinach, Swit-
zerland), and ToRSV (Agdia, Elkhart, IN) 
according to the manufacturer’s recom-
mendations. Samples from Oregon were 
tested at the USDA-ARS-HCRL in Corval-
lis. Tissue was homogenized in grinding 
buffer with a Pollahne tissue grinder. DAS-
ELISA (1) was used for ToRSV and GFLV, 

while triple-antibody sandwich (TAS)-
ELISA (1) was used for ArMV detection. 
In the latter case, the monoclonal antibody 
(P. Ellis, Phytocultures Ltd., Saanich, BC) 
and the goat anti-mouse alkaline phos-
phatase conjugate (Sigma Chemical Co., 
St. Louis, MO) were added in the same 
step. 

The positive–negative threshold was es-
tablished at an absorbance value three 
times the value of negative control grape 
samples, which ranged from zero to an 
optical density of 0.10. RT-PCR conditions 
were similar to those described above for 
GLRaV, using primers described in Table 
1. Controls were obtained from FPS at 
UC-Davis. 

Transmission of GLRaV-3. In Au-
gust 2002, second generation instars of 
grape mealybug were used to transmit 
virus from naturally infected vines in 
commercial vineyards. Grape mealybug 
colonies were located and the host vines 
tested for the presence of leafroll-
associated viruses by ELISA (BioReba). 
Young instar grape mealybugs were col-
lected from vines that tested negative by 
ELISA and were placed in organza 
sleeve cages on young ‘Merlot’ vines 
infected with GLRaV-3. After 21 days, 
the mealybugs were collected and trans-
ferred to virus-free, potted vines. They 
were allowed to colonize the new plants 
in sleeve cages until a killing frost defo-
liated the vines 42 days later. 

In a parallel experiment, mealybugs that 
had colonized a virus-infected vine (posi-
tive for GLRaV-3 by ELISA) in a com-
mercial vineyard were collected and trans-
ferred to virus-free potted vines. The 
mealybugs were contained in organza 
sleeve cages until the canes were defoli-
ated naturally 53 days later. All canes were 
maintained in a shade house, and the re-
cipient vines were assayed by ELISA in 
August 2003. 

Table 1. Primer names, sequence, annealing temperatures, and expected amplicon sizes used in this study for detection of seven viruses in grapevine samples
from Washington and Oregon 

Virusa Primer name Sequence (5′-3′) Anneal temp (C) Size (bp) Ref 

RSPaV RSP 48F AGCTGGGATTATAAGGGAGGT 55 330 9 
 RSP 49R CCAGCCGTTCCACCACTAAT     
GLRaV-1 LR-1F CGACCCCTTTATTGTTTGAGTATG 55 401 3 
 LR-1R GTTACGGCCCTTTGTTTATTATGG    
GLRaV-2 LR-2F ATAATTCGGCGTACATCCCCACTT 55 332 15 
 LR-2R GCCCTCCGCGCAACTAATGACAG    
GLRaV-3 LC1-F CGCTAGGGCTGTGGAAGTATT 56 546 5 
 LC2-R GTTGTCCCGGGTACCAGATAT    
ArMV ArMv819 CACCGCTGGAATTGTAATGC 52 579 This studyb 

 ArMc1397 TTGACCACACCACCAATACC    
ToRSV GYVv4483 GTTCCTGCGGAAGCTGATTG 51 668 This studyc 

 GYVc5150 GGCCACTCATACCTCCAGTC    
GFLV GFLV-V1-F ACCGGATTGACGTGGGTGAT 54 328 11 
 GFLV-C1-R GGTTTCAACCAAAGGGTTCT    

a RSPaV = Rupestris stem pitting associated virus, GLRaV = Grapevine leafroll associated viruses, ArMV = Arabis mosaic virus, ToRSV = Tomato ringspot 
virus, and GFLV = Grapevine fanleaf virus. 

b Primers designed in this study with Primer3 (12). Primers based on CP consensus sequences of GenBank accessions D12477, AF135414, AF135413,
AF135411, and AF135412. Divergent nucleotides occur at positions indicated with bold/underline. Mismatches at these positions reduce the annealing
temperature by 5°C, compensated by the annealing temperature given in the table. 

c Designed in this study with Primer3 (12) from GenBank accession 221017. 
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RESULTS AND DISCUSSION 
RSPaV was detected in 4.6% of the 

vines sampled in this survey (Table 2). 
This is the first confirmed report of the 
occurrence of RSPaV in Washington. The 
result of this survey was a major factor in 
the subsequent decision to remove RSPaV 
from the list of quarantine pests in Wash-
ington State, although it is still a controlled 
pest in the state certification program. In 
addition to the field survey, all accessions 
in the Washington State Grape Foundation 
Block were evaluated for the incidence of 
RSPaV by RT-PCR using the procedures 
described herein. Of the 92 accessions in 
the block at the time of the survey, RSPaV 
was detected in 10 accessions. All vines of 
these accessions were removed promptly 
from the foundation block and destroyed. 
Only one accession of this infected mate-
rial had been distributed to certified nurs-
eries. Because of this very limited distribu-
tion, RSPaV was retained as a controlled 
pest in the Washington State certification 
program. 

Prior to this study, no data were avail-
able for the incidence of nematode-
transmitted viruses in vineyards of the 
Pacific Northwest. The three nepoviruses 
assayed in this study, ArMV, GFLV, and 
ToRSV, were not detected in any sample 
(Table 2), although a number of samples 
did exhibit elevated absorbance values (up 
to 2 times the negative control values). 

These samples, 7 for ArMV, 13 for GFLV, 
and 21 for ToRSV, were recollected for 
confirmatory testing by both ELISA and 
RT-PCR. In all cases, the retest results 
were negative for the presence of viruses. 
At the infection rates reported in Canada, 
0.53% and 0.25% for ArMV and GFLV, 
respectively (6), the level of sampling used 
in the Washington study would have de-
tected the viruses with 97.8% confidence 
(4). Vineyards in Oregon with high Xiphi-
nema counts were targeted because ToRSV 
is a problem in raspberry fields in the Wil-
lamette Valley of Oregon. In some cases, 
virus-infected raspberry plantings are in 
close proximity to vineyards. The absence 
of ToRSV in Oregon vineyards was unex-
pected. It may be that the strains of ToRSV 
that are present in the Willamette Valley 
are not naturally transmitted to grapevines. 
Xiphinema index, the vector of GFLV, was 
not found in Oregon during a nematode 
survey (J. Pinkerton, personal communica-
tion), suggesting that field transmission of 
GFLV is unlikely. ArMV has not been 
reported in grapevines in Oregon but has 
been reported recently from grapevines in 
Canada (6) and Missouri (7), suggesting 
that this virus is distributed occasionally in 
infected propagation material. 

Significant levels of GLRaV-1, -2, and -3 
were revealed in Oregon and Washington 
(Table 2). The incidences of these viruses 
were similar in both states, and were in 

general agreement with the relative distri-
bution of the viruses reported in other 
grape production areas of North America. 
GLRaV-3 is the most frequently encoun-
tered virus associated with leafroll disease 
of grapes. In Canada, GLRaV-1 and -3 
were detected in 1.7 and 10.8%, respec-
tively, of wine and juice grapes (6), 
whereas GLRaV-1 and -3 were detected in 
0 and 35.6%, respectively, of wine and 
juice grapes in Missouri (8). A survey of 
juice grapes in New York revealed GLRaV-
3 in 26% of the vines (14). 

This study also has demonstrated the 
ability of local populations of the grape 
mealybug to transmit GLRaV-3 (Table 3). 
Both the virus isolate and the insect vec-
tors used in these trials originated from 
resident populations, demonstrating that 
the potential exists for virus transmission 
in the local setting of the Pacific North-
west. Transmission of GLRaV-3 was con-
firmed in 7 of 15 trials. These data are 
consistent with those that indicate that 
grape mealybug populations in California 
can transmit GLRaV-3 isolates originating 
in that area (2). 

The high incidence of leafroll-associated 
viruses in the Pacific Northwest and the 
demonstrated ability of indigenous popula-
tions of grape mealybug to transmit local 
isolates of GLRaV-3 led to an in-depth 
review of certification programs. The 
Washington State program was established 
in 1976, and at that time, it was believed 
that there was no field transmission of 
leafroll disease. Therefore, no provisions 
for periodic retesting of registered mother 
blocks were instigated to ensure that infec-
tion of the vines had not occurred. The 
results of this study precipitated an expan-
sion of the foundation block program to 
provide elite stock to nurseries. Regular 
sampling and testing of all registered 
mother vines to ensure freedom from 
known viruses is now a major component 
of the State Certification Program. The 
Oregon program was found to have 
GLRaV-infected material and has since 
been discontinued. 

This study has provided a backdrop 
against which the direction of virus control 
programs can be more efficiently devel-
oped in the Pacific Northwest. A greatly 
expanded program to provide elite, virus-
free propagation material to registered 
nurseries in the tristate region of Idaho, 
Oregon, and Washington has emerged as a 
cornerstone of virus control in this area, in 
part as a result of the data obtained in the 
study presented here. 
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